Background: There are consistent, evidence-based global public health recommendations to reduce intakes of free sugars. However, the corresponding evidence for recommending reduced exposure to sweetness is less clear. Objective: Our aim was to identify and review the published evidence investigating the impact of dietary exposure to sweet-tasting foods or beverages on the subsequent generalized acceptance, preference, or choice of sweet foods and beverages in the diet. Design: Systematic searches were conducted to identify all studies testing relations of variation in exposure to sweetness through foods and beverages with subsequent variation in the generalized acceptance, preference, or choice of sweetened foods or beverages, in humans aged >6 mo. Results: Twenty-one studies met our inclusion criteria, comprising 7 population cohort studies involving 2320 children and 14 controlled trials involving 1113 individuals. These studies were heterogeneous in study design, population, exposure, and outcomes measured, and few were explicitly designed to address our research question. The findings from these were inconsistent. We found equivocal evidence from population cohort studies. The evidence from controlled studies suggests that a higher sweet taste exposure tends to lead to reduced preferences for sweetness in the shorter term, but very limited effects were found in the longer term. Conclusions: A small and heterogeneous body of research currently has considered the impact of varying exposure to sweet taste on subsequent generalized sweet taste preferences, and this evidence is equivocal regarding the presence and possible direction of a relation. Future work should focus on adequately powered studies with wellcharacterized exposures of sufficient duration. This review was registered with PROSPERO as CRD42016051840, 24 November 2016. Am J Clin Nutr 2018107:405-419. 
INTRODUCTION
There is a clear, evidence-based global public health mandate to limit the consumption of free sugars in the diet (1) . However, the question arises as to whether it is not only exposure to sugars that should be reduced but also exposure to sweet taste.
Sweet taste is innately rewarding, as characterized by a universal liking for high levels of sweetness in foods and beverages in infancy and childhood (2) , and it is possible that high levels of sweetness or sustained exposures to sweet taste help maintain or even promote a generalized desire for sweet(er) foods and beverages in the wider diet. Such a generalized "sweet tooth" could make it challenging for individuals to reduce intakes of free sugars (3, 4) .
Alternatively, it is possible to formulate foods and beverages that retain their sweetness at a substantially reduced free-sugar content. The exposure to sweetness through the consumption of sweet but lower-sugar products may satisfy an innate desire, and as a result, reduce subsequent desires for sweetness from other (potentially sugar-rich) sources (5) (6) (7) . A robust body of evidence on sensory-specific satiety (8) shows that exposure to a particular sensory attribute (e.g., sweetness) can lead to reductions in the apparent pleasantness and choice of foods and beverages with that same attribute, relative to others. Thus, exposure to sweet taste from dietary sources with low amounts of sugars may not only replace consumption of free sugars, but could also reduce the desire for sweetness from other sources.
Theoretically, therefore, exposure to sweetness may stimulate, suppress, or have no net effect on an overall desire to consume sweet foods and beverages in the diet. Resolution of this issue is important for ensuring the most efficacious, evidence-based public health advice, with important implications for consumers and for the development of commercial food products reduced in sugars. Recent policy documents from the WHO and the Pan American Health Organization have expressed a view that a reduction in exposure to sweetness could facilitate adaptation to lower sugar intakes, although no specific scientific underpinning is given (9, 10) . In contrast, a review of literature by Public Health England in the UK concluded that there is little evidence for this suggestion (11) . No systematic review of relevant evidence has yet been undertaken. The objectives of this work were to identify the evidence from human studies investigating the impact of dietary exposure to sweetness on the generalized acceptance, preference, or choice of sweet taste in the diet, draw conclusions with regard to the nature of the evidence and effects observed, and to highlight knowledge gaps and research approaches that could resolve these. Our specific research question was: does dietary exposure to sweetness in humans impact on the generalized acceptance, preference, choice, and/or intake of sweet taste in the diet?
METHODS

Searches
Three academic databases were searched over all years of records using 3 search strings. All search strings included a "sweetness" word ("sweet*" or "sugar*" or "fruit*" or "candy" or "chocolate" or "dessert" or "cake" or "biscuits" or "cookies" or "ice cream" or "ice-cream" or "pastr*" or "sucrose" or "fructose" or "glucose" or "tast*" or "sensory-specific" or "sensory specific" or "diet beverage" or "diet-beverage" or "juice" or "soft drink" or "yogurt" or "yoghurt") searched for in "title" fields; an "exposure" word ("expos*" or "diet*" or "experienc*" or "consum*" or "intake" or "ingest*") searched for in "title" or "abstract" fields; and an "outcome" word ("perception" or "intensity" or "threshold" or "sensitivity" or "prefer*" or "desire" or "lik*" or "want*" or "choice" or "accept*" or "rating*" or "selecti*" or "purchas*" or "crav*" or "consum*" or "intake" or "ingest*") searched for in "title" or "abstract" fields. Three search strings were used to allow the use of the terms "consum*," "intake," and "ingest*" as either an "exposure" or an "outcome" word, or as both "exposure" and "outcome" words. Full details of the 3 search strings are given in Supplemental Material I. All searches were conducted in PsychInfo and Food Science and Technology Abstracts (FSTA). Searches for all "exposure" and "outcome" words including "intake," "ingest*," and "consum*" were also conducted in PubMed. Searches for "intake," "ingest*," and "consum*" as both "exposure" and "outcome" words were conducted in Medline. This search was not possible in PubMed as a result of the Boolean operators required for the search, and Medline was used as the closest alternative. Searches for "intake," "ingest*," and "consum*" as both "exposure" and "outcome" words were also undertaken only for the "title" field, because multiple occurrences of exposure and outcome words would likely naturally occur in abstracts. Searches were limited to include only published articles, only articles published in English, and only articles about humans, when possible. Grey literature was not included. Terms relating to specific sugars, e.g., "sucrose," and specific sweeteners, e.g., "saccharin," were not included as search terms. Relevant studies were likely to include a search term that was already included, and thus the addition of these terms to the searches was considered likely to only result in the identification of irrelevant studies, e.g., safety studies, animal studies. Early search results were reviewed to assess their capture of known relevant articles, and modifications to the search terms and databases to be searched were made prior to the formal running of all searches. Reference lists of included articles were also searched for relevant articles not captured by the searches. Hand searching beyond this was not undertaken.
Article inclusion
Articles were suitable for inclusion in the review if they reported an investigation of the exposure to or a manipulation of sweet taste through foods and beverages in the diet, and a subsequent measure of perception (intensity), acceptance, preference, choice, and/or intake of sweet foods and beverages, in humans aged >6 mo.
Studies were required to include exposure to or a manipulation of sweet taste through foods and beverages in the diet [e.g., sugar-rich foods, low-energy-sweetener (LES)-sweetened foods or beverages, fruit], in which taste exposure was manipulated or measured using a validated method. Studies were required to measure explicit judgments of sweet stimuli and/or choice or intake behavior as outcomes, subsequent to exposure. Studies were included that investigated both relation between variation in exposure to sweet taste and variation in generalized acceptance, preference, choice, or intake of all or other sweet foods and beverages, e.g., population cohort studies; and that tested interventions manipulating the provision or restriction of sweet compared to nonsweet foods or beverages, e.g., randomized controlled trials. Cross-sectional observational research was not included, because outcomes in these studies were not measured subsequent to any taste exposure. Studies were required to include repeat (>1) taste exposures, and any duration between taste exposure and outcome was accepted. Studies could include any comparator (e.g., usual diet, nonsweet foods, nonsweet beverages), but a comparator must have been included. However, comparisons only to an earlier baseline measure or timepoint within the same treatment group or cohort were not included, i.e., studies with no separate control or comparison condition were excluded, due to the confounding of comparison with time period (e.g., 12, 13).
Outcomes could have been assessed using any validated (continuous or dichotomous) measure. Continuous measures included rating scales or weights of foods or beverages consumed, dichotomous measures included number of individuals selecting a sweet food item. Studies without explicit judgments or behavioral outcomes, e.g., studies measuring only neural representations of liking, were not included. Studies that did not include the assessment of responses to previously unexposed stimuli were also not included. These studies do not assess the potential for exposures to influence a generalized acceptance, preference, choice, or intake of sweet taste in the wider diet. Studies that included measurements of sweet and nonsweet foods as part of the study of appetite, without an a priori intention to measure sweet and nonsweet tastes separately, were not included (e.g., 14) . Studies that confounded the effects of a sweet taste intervention with those of other interventions, e.g., an educational intervention, were also not included. Studies were restricted to those involving humans aged >6 mo, because a recent review addresses our research question in those aged ≤6 mo (15) .
Article selection
Searches were conducted by one researcher (KMA or DJM) and duplicates were removed (KMA). Search results were then screened by 2 researchers independently (EJB and DJM) based on title and abstract, and coded either "include" or "do not include." Only articles that received codes "do not include" by both researchers were discarded. Next, all articles identified as potentially relevant at this stage were accessed and screened for suitability by 2 researchers independently (DJM and EJB or HT). Articles were again coded "include" or "do not include" and discordances were discussed and resolved with a third researcher (KMA). Data on methodologic aspects of each study, outcomes, and risk of bias were subsequently extracted by 2 researchers independently (out of KMA, EJB, DJM, and HT). Discordances were discussed and resolved by the whole research team. Only published data were extracted; we did not attempt to contact study authors.
Review outcomes
Extracted data on methodological aspects for each study included the following: study publication date; study population and sample size; details of the sweet taste exposure or manipulation, including type and duration; details of the comparator; details of outcome measures; and duration between exposure and outcome. Extracted outcome data consisted of all findings on all relevant measures included in each study. Judgments on study outcome in relation to our research question and risk of bias were also recorded. Judgments on study outcomes were made by researchers because the majority of studies did not address our research question directly, and thus authors' conclusions were not always relevant. The conclusions of each study in relation to our research question were discussed and agreed on by the whole research team. Risk of bias was rated using 4 domains, based on the domains recommended by the Cochrane collaboration (16) and as used in other scales of study quality (e.g., 17). These domains were inclusion of adequate study power (inclusion of a power calculation, and that the study sample meets the numbers required); discrepancy between number of participants that enter the study [intention-to-treat (ITT) population] and number that are included in analysis (ITT analysis); discrepancy between number of participants that enter the study and number that complete the study (drop-out); and incomplete outcome reporting. These domains were selected as those that can be used to evaluate studies of a number of different study designs, as was likely to be required. For each domain, risk of bias was rated as "low," "high," or "unclear," based on published information, using the criteria given in Supplemental Material II.
Data synthesis
All extracted data were tabulated per study at the group level. Individual-level data were not sought. A narrative synthesis was conducted based on study design type. Further synthesis and combination, e.g., using meta-analysis, was not undertaken. Sufficient studies of any one design type were not available to allow meaningful statistical combination.
Review registration
A draft of our protocol was reviewed by 4 peers (of prominence in the field, but independent of the work), and their views were incorporated into the final protocol, registered with PROSPERO as CRD42016051840 on 24 November 2016 (18) . Discrepancies between our registered protocol and actual methods are given in Supplemental Material III. All methods were based on those suggested by the Cochrane Collaboration (16) .
RESULTS
Search results
Initial searches were conducted on 24 June 2016. The most recent searches were conducted on 15 August 2017. Database searches resulted in the detection of 22,175 possible articles. Searching through reference lists of relevant articles also resulted in the identification of 2 articles. A total of 17,487 articles remained following deduplication. Of these, 68 full texts were assessed against our study inclusion criteria. Nineteen articles were finally included in our review. One article reported 2 separate studies (19) and another tested and reported children and adults as independent research study populations (20) , yielding a final total of 21 studies that met our inclusion criteria. The results of all searches are provided in the PRISMA diagram in Figure 1 .
Included studies
Twenty-one studies that could contribute to our research question were found: 7 population cohort studies and 14 controlled experimental studies or trials. These different types of evidence have been considered separately.
Population cohort studies
Included studies
Of the cohort studies, 3 studies involved retrospective measures of exposure (21) (22) (23) , and 4 studies used prospective methods (24) (25) (26) (27) . Methodological details of these studies are given in Table 1 . In the 3 retrospective studies, children were classified by either their exposure to sweetened foods (23), exposure to sweetened water (21) , or a parental restriction of sweetened foods (22) , as assessed using retrospective questionnaires for parents, and effects were compared to those who received a lower exposure or less restriction. In all studies, the comparator group received some exposure to sweet foods, due to the permitted consumption of naturally sweetened foods, e.g., fruit, during the exposure period. Studies assessed preferences (22, 23) and intakes (21) of sweetened beverages ≤21 mo after the period for which exposure was reported. In the 4 prospective studies, children were followed for 2-10 y. Assessments of exposure to sweetened weaning foods (25) , fruit juice (27) , sugar-sweetened beverages (26) , and artificially and naturally sweetened beverages (24) were made at 6-9 mo, 12 mo, 16-25 mo, and 5 y, respectively, and exposure groups were subsequently compared to groups who received no exposure (24, 27) or lower exposure (25, 26) to the target foods, although other sources of sweet-tasting stimuli in the diet were again permitted in all studies. All 4 studies measured dietary intake of sweetened foods or beverages at later timepoints using validated self-report measures.
Findings
Findings from these 7 cohort studies are given in groups with a higher exposure to sweet foods reported lower (22) and higher (23) preferences for sweet foods (other than those involved in exposure), and higher (25) (26) (27) , lower (24, 26) and no differences (21, 24, 26) in intakes of other sweet foods.
Risk of bias
Ratings of risk of bias are included in Table 2 . For the domain considering adequate study size and power, ratings for population cohort studies were not applicable. Studies varied in rated risk of
TABLE 1
Longitudinal (retrospective and prospective) cohort studies investigating the impact of sweet taste exposure on subsequent assessments of a generalized preference for or acceptance of sweet taste: methodology 1
Study
Study population, 2 Addition/reduction of sweet taste compared to comparator. 3 All studies considered some demographic variables and included procedures to ensure methodologic quality to some degree. Column includes other outcomes assessed; risk of bias, power domain; N/A for cohort studies. 4 Significant differences between reported high-and low-restriction groups on total sweet food consumption and sweet beverage consumption. Groups did not differ on mono-and disaccharide consumption, nor on consumption of candies or other foods. 5 All FFQ foods contain added sugars-milk and fruit not included. 6 Data provided for 80 completers, but 13/83 children reported as excluded. 7 Significant differences between groups of relative (in % energy/d) and absolute (in g/d) added sugar from all complementary foods, and in total. 8 Assessment only includes added sugars-natural sugars, e.g., in fruit, milk, and sugar substitutes and medicines not included. 9 Groups consuming more SSBs at 16-24 mo also reported consuming more fruit and vegetable juice and more confectionery. 10 Data provided for 170 children, but 166 complete data sets reported in the method section. Question asked about favorite candy, but data not reported (excepting 54% mother-child agreement).
bias for the other domains; the domain of ITT analysis was the most common potential source of bias of those assessed, and only one study was rated "low" risk for all 3 domains (25).
Controlled experimental studies or trials
Included studies
Fourteen studies used designs in which exposure to sweet foods was deliberately manipulated, 9 of which were relatively short-term (exposure for <1 mo or 28 exposures), whereas 5 studies involved daily exposure manipulations for 12 wk-6 mo. Methodologic details of these studies are given in Table 3 . 30) . In the between-subjects studies, children and adults were randomly assigned to 8 d exposure to ≤200 mL sweetened beverages (20) (32) . Only in the study by Griffioen-Roose et al. (28) was the sweet taste condition compared to an entirely nonsweet condition. In all other studies, exposure to other sweet foods were simultaneously permitted in all groups and conditions. Measured outcomes of relevance to our research question were: liking or pleasantness of sweet foods (other than those in the exposure manipulation) (28, 30, 32) , appetite for sweet foods (28), explicit wanting or demanding sweet foods (19, 28) , implicit wanting sweet foods (29) , preferences for sweet foods (28, (30) (31) (32) or sweetness concentrations (20) , and intake of sweet foods (19, (28) (29) (30) .
In the longer-term studies, 124 healthy adults were randomly assigned to add milk chocolate daily to their diet for 12 wk compared to hazelnuts, salted potato chips, or no added foods (33), 50 infants were assigned to avoid products with added sugar for 3 mo compared to no avoidance (34), 33 overweight adults were randomly assigned to reduce simple sugar intake by 40% for 3 mo compared to usual diet (35) , 210 overweight adults were randomly assigned to replace 2 servings/d of caloric sweetened beverages with water for 6 mo, compared to replacement with LES beverages (36) , and 292 adults were randomly assigned to reduce sugar-sweetened beverage intake, compared to an activity intervention with no reported dietary instructions (37) . Effects of the manipulations were assessed using measurements of: liking or pleasantness of sweet foods (other than those in the exposure manipulation) (33, 35) , taste intensity and threshold detection tests for sweetness concentrations (35) , preferences for sweet foods (34) and intake of sweet foods (34, 36, 37) .
Findings
Findings from these 14 controlled studies are given in Table 4 . In the majority of the shorter-term studies, sweet foods or beverages were added to the diet. Study groups and conditions with a higher exposure to sweet foods, compared to groups and conditions with a lower exposure to sweet foods, reported a relatively lower liking or pleasantness for sweet foods (28); a lower appetite for sweet foods (28); lower explicit and implicit wanting for sweet foods (28); higher demands (19) and no differences in the demands (19) for sweet foods; lower (28, 30) and no change (31) in preferences for sweet foods; no differences in most preferred sweetness concentration (20) ; and no effects on intakes (19, 28, 29) . Conclusions could not be drawn from all relevant measures in all studies, because in some cases the results for (nonexposed) sweet and nonsweet foods were combined (30, 32) .
In all longer-term studies, excepting that by Tey et al. (33) , sweet foods or beverages were removed from the diet, though in none of these studies were sweet foods avoided entirely. The study groups with a lower exposure to sweet foods, compared to groups with a higher exposure to sweet foods, reported no differences in pleasantness or sweetness intensity rated most pleasant (35) ; perceptions of sweetness intensity as more sweet (while exposure was still manipulated), but no differences in threshold tests (35) ; no differences in preferences for sweet foods (34) ; no differences in intake of sweet foods (34); no differences in intakes of total sugars, added sugars, and sweetened drinks, but higher intakes of desserts (36) ; and no differences in intakes of total fruit, whole fruit and 100% fruit juice, but higher intakes of LES beverages (37). Conclusions could not be drawn from relevant measures as reported by Tey et al. (33) , because results for (nonexposed) sweet and nonsweet foods were combined. Tables 3 and 4 . Studies varied in rated risk of bias for all domains considered. The domain of adequate study size and power was the most common potential source of bias of those assessed, for which only 2 studies received ratings of low risk (33, 35) . For the domain of ITT analysis, risk of bias was rated as low in 6 studies (19, 20, 28, 29, 37) . For the domain of drop-out, risk of bias was rated as low in all studies except 2 (31, 37) . For the domain of incomplete outcome reporting, risk of bias was rated as low for all studies except 2 (30, 32).
Risk of bias
Ratings of risk of bias are included in
DISCUSSION
The empirical evidence available addressing our research question was limited, comprising only 21 studies-7 population cohort studies involving 2320 children, and 14 controlled studies involving 291 children and 822 adults. This evidence was very heterogeneous and does not provide clear, consistent support for a relation between sweet taste exposures and the outcomes considered. Short-term interventions tended to find that greater exposure to sweetened stimuli leads to lower preferences for sweetness, but the results from cohort studies and longer-term intervention trials are limited and equivocal. References ordered by ascending length of exposure. A, addition; CHO, carbohydrate; DB, diet beverage; E, exposure; FFQ, food-frequency questionnaire; gLMS, generalized labeled magnitude scale;
LES, low-energy sweetener; NR, not reported; O, outcome; OW, overweight; R, reduction; RCT, randomized controlled trial; Ref, reference; RoB-P, risk of bias-power domain; SSB, sugar-sweetened beverage; UC, unclear; w/s, within subjects.
2 Addition/reduction of sweet taste compared to comparator. 3 All studies considered some demographic variables and included procedures to ensure methodological quality, to some degree. Column includes other outcomes not relevant to our review that were assessed, and other considerations. 4 Nonsweet foods, e.g., strong black coffee, were permitted.
5
Food intake -actual (g) chocolate intake measured during the intervention. Mass consumed (mean 63 g vs. 37 g) confirms difference between restriction groups in exposure. 6 No consideration appears to have been given for other sweet treats.
7
Food intake -actual (g) chocolate intake measured during the intervention. Mass consumed (mean 693 g vs. 415 g) confirms difference between restriction groups in exposure. 8 Intervention groups not randomly assigned: mothers chose which group to be in. 9 Naturally sweetened foods were used for the comparison group. 10 Food group analysis does not report many sweet food groups, including biscuit, cake, confectionery, and desserts.
11
Power calculation provided, and number of participants met in one group, but in need of 2 participants in the other group. Background data reported for only 52/53, or misreporting elsewhere. 4 Lack of effects for sweetened vs. unsweetened food products may suggest a relatively high sweetness of all products.
Few studies were explicitly designed to test our research question, but instead addressed our question only indirectly (19, 22, 23, 25) . Only 1 short-term study (28) directly compares exposure to sweetness with no exposure, whereas all other studies investigated the exposure or manipulation of ≥1 sweet foods or beverages within a background of additional sweet items. Few studies recorded subjective perceptions of the actual sweetness of the assessed foods or manipulations, and studies differed in their assessment or manipulation of amount compared to frequency of sweet taste exposure. Many studies measured limited outcomes (e.g., intake of only specific other foods) for limited time periods, and so may fail to account adequately for adjustments in the whole diet, and several studies assessed relevant outcomes but did not provide data in a suitable form to answer our question (30, 32, 33) .
The best evidence available to address our research question is, arguably, that gained from the 4 randomized and 1 nonrandomized longer-term trials (33) (34) (35) (36) (37) . These 5 studies provide limited evidence that lower exposure to sweet taste can increase the relative perceived sweetness intensity and intake of limited (other) sweetened foods or beverages in the diet. Consideration of only the studies of lower risk of bias further weakens the evidence supporting any effect. Only 2 studies (33, 35) were rated as sufficiently powered, although 2 others (36, 37) were large and reflect a realistic situation. These latter 2 studies, however, found significant effects in only one of several sweet food groups, no effects in other sweet food groups, and not all sweet food groups in the diet are reported. No differences in sweet food intake between groups were also found in 2 other studies (34, 35) , but these studies suffer from some contamination between conditions.
Evidence was also available from 9 shorter-term experimental studies. One study reports increased demands for other sweet foods when sweet food consumption was higher (19) , whereas all other studies report either no effects or lower preferences for sweet foods following higher exposure. All studies report no impact on sweet food intake. Consideration of only the studies of lower risk of bias reduces the evidence available, but supports these findings. Not all studies provided usable results (30, 32) , and caution should be added to the findings from studies in which full control of the sweetness manipulation is not clear (19, 28) , and in which effects of single and repeated exposures cannot be clearly distinguished (28, 29) .
Lastly, 3 retrospective and 4 prospective population cohort studies of relevance were identified. Findings from these studies are inconclusive. Some evidence suggests an association between higher exposure to sweetness and subsequent higher preferences and intakes of sweet foods, but contradictory evidence is also available. Consideration of only the studies of lower risk of bias reduces the evidence available, but again provides equivocal results. Dietary intakes were rarely comprehensive, and often only "added sugars" or a few specific sweet foods or beverages were considered (22, 25) . The studies identified were also notably all undertaken in children, in whom effects of sweet taste exposure may be difficult to see against a background of strong innate liking (15) , and in whom differences in dietary intakes may reflect parenting practices and household food offerings, rather than preferences for specific sensory attributes. Preferences for sweet tastes are also known to reduce with age (2, 24) , and therefore impacts demonstrated in childhood may not transfer to adulthood (15) .
Potential mechanisms for a reduction in liking or intake of sweet stimuli following the short-term exposure to sweet taste are most likely based in sensory-specific satiety (8) . Possible changes in sweetness perceptions as a result of sustained sweet taste exposure may suggest adaptations to taste receptors or transduction pathways (35) , which in turn may result in increased intakes as a result of some form of habituation, tolerance or diminished reward [see (3) for a review]. Alternatively, the reporting of increased sweetness intensity against a background diet of low sweetness may demonstrate a simple contrast effect (38) . Notably, the effects on sweetness intensity disappear when participants return to their usual diet (35) , i.e., when the background diet reverts to higher levels of sweetness, whereas effects due to changes in physiology might be more likely to persist.
Comparison with other reviews
A review by Public Health England (11) reported associations between increased sweet taste exposure and increased preferences for sweet tastes in some studies, but no associations in other studies. We are aware of only one other formal systematic review which addressed our research question, conducted in humans <6 mo of age (15) . This review also concluded that the evidence for a relation between early taste experiences and later acceptance for sweet taste was "equivocal" (15) .
Future studies
The current evidence base is limited, and lacks large, adequately powered randomized trials of sufficient length to reflect habitual behavior. In the longer-term studies, impacts of sweetness manipulations were only found at 6 mo, not at 3 mo (36), or effects found after 2-3 mo disappeared the following month when participants were free to maintain a diet of their choosing (35) . Furthermore, based on the limitations identified in this review, future studies should include assessments of the sensory attributes of dietary exposures or treatments, and distinctions should be made between exposure to sweetness in terms of frequency and duration and taste intensity and perception. Studies relevant to public health concerns and realistic in terms of different sources of sweetness are recommended.
Strengths and limitations of the review
Our conclusions are limited by the small body of literature, which provides an inconsistent picture. The review is limited through our consideration of only the published literature, of specific databases, and of articles published in English. We estimate however, that the majority of relevant work has been conducted in Europe or the United States, and so is likely to have been captured. We did not contact study authors, which may have limited our use of the literature available. We also have not used statistical techniques, e.g., meta-analyses, and made no appraisal of publication bias. Meta-analysis techniques were considered inappropriate due the indirect nature of much of the identified work and the low level of relevant data. We consider publication bias unlikely due to the equivocal evidence found, but this remains a possibility.
Conclusions
Our findings reveal a very limited, highly heterogeneous evidence base that addresses the impact of dietary exposure to sweettasting foods or beverages on the subsequent generalized acceptance, preference, or choice of these foods and beverages in the diet. The available evidence suggests possible reduced preferences for sweet taste following exposure in the shorter term, but limited and equivocal effects in the longer term. Given the public health and commercial relevance of the question, further research in the form of adequately powered clinical trials with wellcharacterized taste exposures is clearly required.
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